Abstract. Image denoising is a classical topic and a difficult problem in the field of image processing. Fourier transform can effectively sparsely represent the smoothing texture part of the image, but can't effectively represent mutations in the image. The wavelet transform can sparsely represent sharply changing parts in the image, but can't effectively represent the texture and the slowly changing parts of the image. A new method based on hybrid Fourier and neighborhood wavelet coefficient is presented, and experiments show that the method is valid and can improve the visual effect, and that the objective indicator PSNR is better than NeightShrink method.
Introduction
The image is always affected by a variety of noise interference in the process of acquisition and transmission. These noises have very big impact on the image compression, feature extraction and edge detection. In order to improve the quality of the image post-processing, the image denoising pretreatment is necessary [1] .
Theoretically, if only few coefficients of images have high-magnitude and most coefficients are close to zero, the performance of transform domain denoising methods would be good [2] . However, whether we can use sparse representation in the transform domain depends on the feature of the image and the type of the transform. Fourier transform can effectively sparsely represent the part of a certain conversion cycle with regular and smooth texture in the image, but can't effectively express mutations in the part of the image, such as image edges. Wavelet transform can sparsely represent the sharply changing section in the image, but can't effectively represent the texture and slowly changing parts in the image. This paper presents a hybrid Fourier-neighbor wavelet coefficients shrinkage image denoising method, and experiments show that the method can better protect the texture and slowly changing part of the image and can better restore the original image.
Hybrid Fourier-Wavelet Transform Image Denoising Algorithm
In the process of image denoising, the original image is inevitably distorted. In fact, image denoising makes trade-off between the noise suppression and the original image retention. Due to the non-stationary feature of the image, the wavelet transform is generally more suitable for image denoising. Therefore, in the hybrid Fourier-Wavelet transform image denoising algorithm, wavelet transform plays a dominant role and the Fourier transform plays a supporting role. The main steps are as follow:
1) Reduce the noise conservatively in the Fourier domain, which can reduce the level of noise without unduly distort the original image;
2) Remove the remaining noise in the wavelet domain. For zero-mean Gaussian white noise, what will be filtered in wavelet domain the second step is actually colored noise after the first step. Therefore it is necessary to study the wavelet coefficient characteristics of the colored noise.
The Wavelet Coefficients of the Colored Noise. In general, the wavelet coefficients of the colored noise have the following two characteristics [3] : 1) the wavelet coefficients correlation in each sub-band of the colored noise disappears rapidly; 2) the wavelet coefficients correlation between different sub-bands is small or almost irrelevant. Because the wavelet transform is the approximate characteristics function of many mappings. The second feature can also be explained as follows: the mapping process of the signal from the time domain to the wavelet domain is equivalent to the signal through bandpass filtering. The wavelet coefficients in different subbands represent the signals of the different frequency bands, so the correlation of the wavelet coefficients between different subbands is weak. Experiments show that the wavelet coefficients of the colored noise in each subband is almost white noise, that the wavelet coefficients between the different subbands are uncorrelated, and that the variance of the noise is different indifferent sub-band.
Fourier Image Denoising. Consider a noisy image such as:
where x is the original image, n is zero mean Gaussian white noise, noise variance is
We use the wiener filter to reduce noise in Fourier domain. The wiener filter is a minimum mean squared error filter and requires prior knowledge of the power spectrum density of the original image and the power spectral density of the noise. Its transfer function is as the formula 2: 
where M is the number of Fourier coefficients in a square window area ) (w W , a is the smallest power spectral density of x .
In order not to distort the original image, we achieve the wiener filter conservatively as the following formula 4:
The result of the Fourier filtering is formula 5:
n is the remaining colored noise, ' x is the slightly distorted image without noise. ) ( ' k X is used to denote the orthogonal wavelet coefficients of ' x , and the wavelet coefficients of z is shown in the following formula 6:
is colored noise, the correlation of wavelet coefficients in each sub-band of the ) ( ' k N disappears quickly, and the correlation between different sub-bands is very small or almost not correlated. Therefore the wavelet coefficients in each sub-band are almost white noise.
Neighborhood Wavelet Denoising. In the process of wavelet transform, low-pass and high-pass filter are recursively used for the low-frequency sub-band coefficients of the image. It means that the coefficient of the processed image is related in a small neighborhood [4] . This characteristic is named as layer correlation, and there may be a group of lager wavelet coefficients, and vice versa [5] . 
Let us assume that

Experiment and analysis
In order to verify the effectiveness of the proposed method, we select some grayscale images to test. These images include Lena, Barbara, House. The image Barbara has more texture, Lena is a relatively smooth image, and House has sharp edges. In all experiments, we use orthogonal wavelet transform and select db8 as wavelet basis, and wavelet decomposition level is four. We find that the noise reduction effect is good when a is n 2 1 . 0 δ , b is 5, the window is 7*7 in Fourier domain and the window is 3*3 in wavelet domain.
Make the denoising experiments in accordance with the following steps:
1) in the Fourier domain: a) estimate power spectral density of the noisy image with formula 3; b) reduce the noise with Wiener filter 4; 2) in the wavelet domain: a) decompose the noisy image through wavelet transform to get wavelet coefficients in different scales w k i,j and different sub-bands; b) calculate the current decomposition scale threshold T k with the threshold estimation formula; c) calculate the local energy of the current detail coefficients in the selected neighborhood and shrink the detail coefficients according to the formula to obtain the modified coefficients; d) repeat step (b) and (c) to get all the high-frequency sub-band detail coefficients e) make the inverse wavelet transform with the processed wavelet coefficients to reconstruct the denoised image; f) evaluate the quality of the filtering effect. In order to evaluate objectively denoising effect of different methods, we select PSNR to measure denoising performance, and PSNR is defined as follows: Table 1 lists the PSNR value of two denoising methods with different noise strength. 
Conclusions
This paper proposes a hybrid Fourier-wavelet transform denoising method. It can significantly improve the filtering effect, and more efficiently preserve image details. The experiment results show that this method not only obtains a significant improvement in visual, but also increases the value of PSNR significantly.
